Objectives: Human rhinoviruses (HRVs) are the major cause of the common cold. Currently there is no registered, clinically effective, antiviral chemotherapeutic agent to treat diseases caused by HRVs. In this study, the antiviral activity of dexamethasone (DEX) against HRV1B was examined. Methods: The anti-HRV1B activity of DEX was assessed by sulforhodamine B assay in HeLa cells, and by RT-PCR in the lungs of HRV1B-infected mice. Histological evaluation of HRV1B-infected lungs was performed and a histological score was given. Anti-HRV1B activity of DEX via the glucocorticoid receptor (GCR)-dependent autophagy activation was assessed by blocking with chloroquine diphosphate salt or bafilomycin A1 treatment. Results: In HRV1B-infected HeLa cells, treatment with DEX in a dose-dependent manner, resulted in a cell viability of > 70% indicating that HRV1B viral replication was reduced by DEX treatment. HRV1B infected mice treated with DEX, had evidence of reduced inflammation and a moderate histological score. DEX treatment showed antiviral activity against HRV1B via GCR-dependent autophagy activation. Conclusion: This study demonstrated that DEX treatment showed anti-HRV1B activity via GCRdependent autophagy activation in HeLa cells and HRV1B infected mice. Further investigation assessing the development of topical formulations may enable the development of improved DEX effectiveness.
Introduction
Human Rhinoviruses (HRVs) belong to the genus Enterovirus of the Picornaviridae family. There are over 160 serotypes of HRVs that are responsible for the common cold, which is a mild illness of the upper respiratory tract [1] . HRVs may be associated with more severe diseases such as acute otitis media in children and sinusitis in adults [2] . HRV infection has been also associated with different respiratory tract complications such as bronchiolitis, pneumonia, sinusitis and acute otitis media, and has been implicated in exacerbations of chronic respiratory disorders, such as asthma, cystic fibrosis and chronic obstructive pulmonary disease (COPD) [3] . Recently, experimental HRV infection in COPD patients established a causative relationship between virus infection and exacerbations, moreover these exacerbations were predicted by the World Health Organization to become one of the major causes of worldwide death in the next few decades [4] .
Due to the large number of serotypes, vaccination against HRVs is not feasible. Despite intensive efforts in antiviral research and development, no effective antiviral therapies have been approved for either the prevention or treatment of *Corresponding author: Hyun-Jeong Ko diseases caused by HRV [5] . In this regard, many trials have been conducted to find antiviral components. For example, Pirodavir lowered HRV replication, whilst oral administration of Pleconaril led to a reduction in duration and severity of the illness [6] . Treatment of HRV-induced exacerbations of asthma is still under clinical evaluation [7] . Therefore, to date, the search for antiviral compounds against HRV is ongoing.
Dexamethasone (DEX) has become one of the most commonly, and intensively used therapeutic agents in pediatric oncology [8] . However, to date, no detailed study has been carried out on DEX's antiviral activity against human rhinovirus 1B (HRV1B) in Hela cells.
In this study the anti-HRV1B activity of DEX in HeLa cells, and in the lungs of HRV1B-infected mice using PCR after DEX treatment was studied. Furthermore, anti-HRV1B activity of DEX correlation with induction of autophagy activation via glucocorticoid receptor (GCR) was investigated.
Materials and Methods

Cell culture, viruses, and reagents
Human rhinovirus 1B (HRV1B) was obtained from ATCC were purchased from Sigma-Aldrich (St. Louis, MO, USA). Doxycycline (DOX) was purchased from Clontech (Mountain View, CA, USA). For Tet-on system, the GCR shRNA-transfected HeLa cells were treated with doxycycline (2 mg/mL) in culture media every 2 days for 7 days.
Mice and virus infection
Four-week-old, female BALB/c mice were purchased from SPL animal company (Orient Bio Inc, Sungnam, Korea). Mice were maintained in accordance with the guidelines, and stabilized for 7 days at Kangwon National University. Mice were intranasally infected with HRV1B (1.8 x 10 7 pfu/mouse) 3 times with 10 μL/PBS at intervals of 10 minutes. DEX was intranasally administered at 0.1 mg/kg after HRV1B infection.
SRB assay
The SRB assay was used to measure antiviral activity as previously reported [9] . The day before the experiment, HeLa 
Real-time PCR
Histological analysis
The HRV1B-infected lungs of mice were washed in PBS, and fixed with 4% (w/v) formaldehyde overnight. The HRV1B-infected lungs were dehydrated in serial gradients of ethanol and xylene, and embedded in paraffin. The tissues were sliced into 5-mm-thick sections and stained with hematoxylin and eosin. After HRV1B infection, the lungs with severe inflammation (score: 0-4) were graded for inflammation, edema, and cellular infiltration, according to the guidelines. A pathologist evaluated the degree of inflammation using a light microscope (200 X) and was blinded whilst scoring each slide.
The means of the lung inflammatory score were graded for severity (absent, minimal, mild, moderate, marked).
Plasmid cloning and lentivirus production
Plasmid cloning and lentivirus production were carried out as described previously [10] . To establish the Tet-inducible lentiviral shRNA expression system, the shRNA oligo was annealed and inserted into the Tet-pLKO-puro vector, Addgene plasmid #12259, #12260), using Lipofectamine 2000.
Statistical analysis
Multiple groups were compared using a 1-way analysis of variance (ANOVA) followed by Newman-Keuls Multiple
Comparison Test using GraphPad Prism version 5 (GraphPad Software, La Jolla, CA, USA). Values of p < 0.05 were considered significant at a 95% confidence interval.
Results
Dexamethasone showed antiviral activity against HRV1B in
HeLa cells
Treatment of HRV1B-infected HeLa cells with DEX was To 
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mice decreased HRV1B NCR gene expression, suggesting a reduction in viral replication ( Figure 2C ).
Dexamethasone showed anti-HRV1B activity via GCR receptor
To assess whether the anti-HRV1B activity of DEX was mediated via the GCR in HeLa cells, the cells were conditionally depleted using the Tet-inducible knock out system. Treatment of GCR shRNA-transfected HeLa cells with DOX abolished the expression of GCR (Figure 3) . The antiviral activity of DEX against HRV1B was significantly reduced in GCR knock-down HeLa cells (Figure 3) , suggesting that the antiviral activity of DEX was mediated by GCR.
Dexamethasone inhibits HRV1B infection via activation of autophagy
To investigate whether autophagy activation by DEX 
Discussion
HRVs are involved in a range of clinical manifestations [11] , but up to now viable options for the prevention or treatment of HRV infections remain limited. DEX has become one of the most commonly and intensively used therapeutic agents in pediatric oncology [8] . Currently, no effective antiviral therapeutic effect of DEX has been reported for either the prevention or treatment of diseases caused by HRV infection.
In the present study, the anti-HRV1B activity was evaluated in vitro. DEX significantly improved cell viability to > 70% in a dosedependent manner in HRV1B-infected HeLa cells ( Figure 1A) . HRV predominantly infects cells of the upper respiratory tract, although HRV RNA has also been found in lower airways in experimental models of HRV infection [12] . HRV is the etiological agent of approximately 50% to 70% of common colds [13] . HRV infection is associated with bronchiolitis in human, pneumonia in the immunosuppressed and exacerbations of pre-existing pulmonary conditions such as asthma or chronic obstructive pulmonary disease [14, 15] . In this study, only Chronic inflammatory respiratory diseases are characterized by recurrent attacks of breathlessness and wheezing, which vary in severity and frequency from person to person [16] .
Glucocorticoids (GCs) are among the mainstays of treatment in asthmatics and exert their effects mainly via binding to their intracellular receptors (GCRs) [17] . In this study, to assess whether the anti-HRV1B activity of DEX was mediated via the GCR, GCR in HeLa cells were conditionally depleted using the Tet-inducible knockout system. Treatment of DOX in GCR shRNA-transfected HeLa cells abolished the expression of GCR (Figure 3 ). DEX showed anti-HRV1B activity via mediation by the GCR (Figure 3 ).
In our recent study, we reported that the glucocorticoid budesonide, showed anti-rhinoviral activity by inducing GCRdependent autophagy activation [18] . Another study reported that dexamethasone produced reactive oxygen species to activate autophagy [19] . Autophagy is 1 of the 2 main cellular catabolic pathways, which is finely regulated to maintain cellular homeostasis [17] . Moreover, autophagy strongly contributes to the innate and adaptive immune response [20] . Autophagy plays an essential role in antiviral immune responses. Epstein-Barr virus (EBV), like other viruses that persist in the infected host, must interfere with this process to avoid its own elimination [21] . The majority of herpesviruses have developed strategies to inhibit autophagy, especially in immune cells [22] . In this current study, DEX treatment induced antiviral activity against HRV1B via autophagy Collectively, DEX has demonstrated antiviral activity against HRV1B via GCR-dependent autophagy activation. Therefore, DEX is an attractive anti-HRV1B candidate with the potential to successfully prevent or treat HRV1B-associated malignancies.
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